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(54) SEMICONDUCTOR SUBSTRATE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To obtain stable gettering capability which can 
restrain dislocation of process induction and crystal defect of 
OSF or the like, relieve adverse influence caused by substrate 
structure upon device characteritics, prevent the warp of a 
substrate, and improve and stabilize the manufacturing yield of a 
device. 

CONSTITUTION: A dielectric isolation semiconductor substrate 
consists of the following; a first thick semiconductor layer 21 
turning to a base, a first and a second gettering layers 22a, 22b 
formed on both main surfaces of the first semiconductor layer 
21, a first and a second insulating layers 23a, 23b formed on 
both outside main surfaces of the gettering layers 22a, 22b, and 
a second semiconductor layer 24 of an active layer which is 
bonded to the outside main surface of the first insulating layer 
23a. A substrate formed by an EG method is a substrate 
wherein two wafers hold a gettering layer between them and are 
stuck in a body. The substrate is worked and polished to have a 
specified thickness wherein the gettering layer is positioned at 
the center part of the thickness direction. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2j¥^^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st gettering layer and the 2nd gettering layer which have the gettering capability formed 
in each on the 1st principal surface of the 1st semiconductor single crystal layer and this 1st 
semiconductor single crystal layer, and the 1st principal surface and the 2nd principal surface of an 
opposite hand, A semiconductor substrate possessing the 1st insulating layer formed on an outside 
principal surface of the 1st gettering layer, the 2nd insulating layer covered by the 2nd insulating layer 
or a protective layer formed on an outside principal surface of the 2nd gettering layer, and the 2nd 
semiconductor single crystal layer formed on an outside principal surface of the 1st insulating layer. 
[Claim 2]A process of forming the 1st gettering layer and the 2nd gettering layer, respectively on the 
1 St principal surface of the 1 st semiconductor single crystal layer, and the 2nd principal surface, Further 
this layer by a protective layer after forming a process of forming the 1st insulating layer on an outside 
principal surface of the 1st gettering layer, a process of forming the 2nd insulating layer on an outside 
principal surface of the 2nd gettering layer, or the 2nd insulating layer A wrap process, A manufacturing 
method of the semiconductor substrate possessing a process of forming the 2nd semiconductor single 
crystal layer by wafer adhesion art on an outside principal surface of the 1st insulating layer according 
to claim 1. 

[Claim 3]A process of forming a gettering layer which has gettering capability on the 1st principal 
surface of the 1st semiconductor single crystal layer, A process of forming the 2nd semiconductor 
single crystal layer by wafer adhesion art on an outside principal surface of this gettering layer. So that 
board thickness of a laminated circuit board which consists of the 1 st semiconductor single crystal 
layer, a gettering layer, and the 2nd semiconductor single crystal layer may be made into predetermined 
thickness and said gettering layer may be located in the central part of a thickness direction of a 
laminated circuit board, A manufacturing method of a semiconductor substrate having the process of 
carrying out processing polish of both the 1st semiconductor single crystal layer, and the 2nd both 
[ either or ]. 

[Claim 4]A semiconductor substrate which is provided with the following and characterized by board 
thickness of this laminated circuit board being predetermined thickness, and locating a gettering layer in 
the central part of a thickness direction of a laminated circuit board. 
The 1st semiconductor single crystal layer. 

A gettering layer which has the gettering capability formed on the 1st principal surface of this 1st 
semiconductor single crystal layer. 

The 2nd semiconductor single crystal layer formed on an outside principal surface of this gettering layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]In this invention, it is related with a semiconductor substrate and a manufacturing 
method for the same. 

Therefore, the dielectric isolation substrate or lamination board which has especially gettering capability 
is started. 

[0002] 

[Description of the Prior Art] 

(A) The thing of structure as shown in drawing 29 as an example of a semiconductor device with 
dielectric isolation construction is known conventionally. In the figure, dielectric separation of the silicon 
single crystal layer 1 and the silicon single crystal layer 3 is mutually carried out via the insulating layer 
2. Two or more elements which constitute this semiconductor device are formed in the silicon single 
crystal layer 3, and it is called an active layer to it. This active layer is divided into two or more element 
formation regions by the slot called a trench. A trench is filled up with drawin g 29 by the insulating layer 

4 and the polysilicon layer 5. and in an element formation region. The N " type silicon layer (collector 
region) 6, the N type impurity diffused layer (collector contact field) 7. the P type impurity diffused layer 
(base area) 8, and the N type impurity diffused layer (emitter region) 9 are formed. 

[0003]The thing as shown in draw ing 26 thru/or drawing 28 as a manufacturing method of the substrate 
of a semiconductor device with said dielectric isolation construction is known. 

[0004] Drawing 26 is a sectional view for explaining the manufacturing method by melting recrystallizing 
method. That is, after forming the silicon oxide (Si Og) layer 2 on the silicon single crystal layer (wafer) 

1, deposition formation of the polysilicon layer 5 (or amorphous silicon layer 5a) is carried out on this 
silicon oxide layer 2. And it is the method of irradiating with laser or the electron beam 10, and carrying 
out solid phase growth of the silicon single crystal layer (active layer) one by one by carrying out melting 
recrystallization. 

[0005] Drawin g 27 is a sectional view for explaining the manufacturing method by the SIMOX (Separation 
by Inplanted Oxygen) method, the silicon single crystal wafer 1 — oxygen ion ( O or O2 ) — the 

silicon oxide layer 2 is embedded by pouring in 1 1. Next, in order to remove the defect induced at the 
time of this ion implantation, high temperature annealing is performed. Then, in order to secure the 
thickness of the active layer doubled with the purpose, it grows epitaxially. 

[0006] Drawin g 28 (a) is a sectional view for explaining the manufacturing method by wafer adhesion, 
namely, — The silicon oxide layer 2 is formed by using the silicon single crystal wafers 1 and 3 of two 
sheets, and oxidizing thermally the wafer [ on the other hand / (or both) ]. Then, the silicon single 
crystal wafers 1 and 3 of two sheets are mutually pasted up on both sides of the silicon oxide layer 2. 
And processing polish of the surface of the silicon single crystal wafer 3 is carried out to required 
thickness. 

[0007] However, a probi em as shown below, respectively is among the methods shown in draw ing 28 (a) 
from these drawin g 26 . 

[0008]In the melting recrystallizing method shown in drawin g 26 , since the active layer formed by this 
method is inferior to crystallinity, it cannot use it for a high integration device. 

[0009]In the SIMOX method shown in drawing 27 . in order to perform an ion implantation, an active layer 



receives a damage (damage damage) and is inferior to crystallinity. When growing epitaxially. the damage 
influences an epitaxial layer and is unsuitable for using it for a high integration device. 
[0010]It mentioned above in the process by the wafer adhesion shown in drawin g 28 (a). There is no 
fault like two manufacturing methods, and it is equivalent to the mirror wafer (wafer by which mirror 
polishing was carried out) usual in the crystalline point of an active layer. 

[001 IjHowever, in the silicon single crystal wafer 3 by the side of the active layer which forms an 
element. In the process of being easy to produce the defect of process induction of a trench process, a 
LOCOS (LocalOxidation of Silicon) process, etc., Gettering capability by a substrate cannot be expected 
but crystal defects, such as a rearrangement and OSF (Oxidation-induced Stacking Fault), may arise. 
[0012]In order to solve this problem, as shown in drawin g 28 (b), between the silicon single crystal 
wafers 3 by the side of the silicon oxide layer 2 and a device active layer. By forming the polysilicon 
layer (it is also called a buffer layer or a gettering layer) 5, and carrying out gettering of the metal 
impurity in the process of being easy to produce the defect of process induction. Controlling crystal 
defects induced by processes, such as a trench process and a LOCOS process, such as a 
rearrangement and OSF. is performed. 

[001 3] However, there are the following problems in the dielectric isolation substrate which provided the 

polysilicon layer with the gettering capability shown in drawing 28 (b). 

[0014](a) Processing polish of the thickness of the silicon single crystal layer (wafer) 3 which is an 
active layer is carried out so that it may usually be set to 20 micrometers or less. On the other hand, 
the thickness of the silicon single crystal layer 1 used as a stand is usually about 500 micrometers. 
Therefore, since the silicon oxide (Si Og) layer and polysilicon layer whose coefficient of thermal 

expansion is smaller than single crystal silicon will incline and exist in the substrate upper part, the 
curvature that the silicon single crystal layer 3 side used as an active layer becomes a convex is 
produced. In an exposure process, this causes trouble and desired element pattern formation becomes 
difficult. 

[0015](b) Although producing many BMD(s) (Bulk Micro Defect) rather than the substrate which does 
not have a polysilicon layer around a polysilicon layer by heat-treating is known, the substrate which has 
a polysilicon layer, In the structure shown in drawing 28 (b), since the silicon single crystal layer 3 and 
the polysilicon layer 5 used as an active layer have touched directly, BMD occurs mostly in the active 
layer of a device, and is considered to have an adverse effect on the characteristic of a device, and the 
yield. 

[001 6](c) Since the polysilicon layer 5 is directly in contact with the device active layer 3, to have an 
adverse effect on the electrical property of a device is considered by the interface state. 
[0017](d) Although the field of the polysilicon layer 5 and the silicon single crystal wafer 3 by the side of 
a device active layer are to deposit the silicon oxide layer 2 and the polysilicon layer 5 on the silicon 
single crystal wafer 1, and to be pasted up in the above-mentioned method, Compared with the mirror- 
surface-finish side of the silicon single crystal wafer 3, it is hard to paste up the surface of the 
polysilicon layer 5 as rough and the fall of the yield in adhesion may be caused. 

[0018](B) Explain the semiconductor substrate which has gettering capability next with reference to 
drawing 30 . 

[0019] Drawin g 30 (a) is a sectional view of the conventional semiconductor substrate which gave 
gettering capability by the EG (Extrinsic Gettering) method. That is, the gettering layer 12 which has 
gettering capability is formed in the undersurface of the silicon single crystal substrate 1. The gettering 
layer 12 by methods, such as sandblasting, a laser beam, ion implantation, wrapping (lapping), grinding 
(grinding), and the scratch (scratch), the damaged layer formed in the undersurface of the substrate 1 - 
- or it comprises a layer which generates distortion or crystal defects, such as polysilicon. an 
amorphous silicon, silicon nitride, and phosphorus glass, and the crystal defect etc. which were 
generated in the monocrystal substrate 1 are controlled. 

[0020] drawin g 30 (b) — IG (Intrinsic Gettering) — it is based on law. Namely, as the silicon single crystal 

substrate 1. the high (14 - 17x10 ^^atoms/cm^ (OLD ASTM display) grade) substrate of interstitial 
oxygen content (it is considered as [Oj] below) is used, Before going this into a manufacturing process, 

by performing heat treatment of an elevated temperature (1000 ** - about 1200 **) and low 
temperature (700 ** - about 900 **) inside a substrate. Generating many crystal defects (high-density 
defect layer 1 3) near the surface of a substrate forms a field with few crystal defects (Denuded Zone. 
DZ layer 14). This high-density defect layer 13 has gettering capability, and makes DZ layer 14 an 



element formation region. 

[0021] However, there is the following problem in the substrate by the EG method shown in drawing 30 

(a) , (a) While the gettering layer 12 formed in the rear face repeats the process of device fabrication in 
process, film formation, and film peeling, it may disappear, and the gettering capability of it may be lost. 

(b) At the process of device fabrication in process, film formation, film peeling, and washing, a part of 
rear face of the silicon substrate which received the gettering layer 12 or the damage separates, and 
this serves as particle (particle, particle powder), and adheres to a device region, (c) When the gettering 
layer 12 comprises layers, such as polysilicon, there are problems, like curvature arises in the silicon 
substrate 1 by the difference of an thermal expansion coefficient between the gettering layer 1 2 and the 
silicon substrate 1. Each of these causes a fall of the manufacturing yield of a device. 

[0022]In the substrate by the IG method shown in drawing 30 (b). a crystal defect remains in (a) DZ 
layer 14, and this causes a malfunction of a device, (b) Since the density of the crystal defect to 
generate changes greatly with differences in the heat history of the original ingot in which [Oj] of the 

substrate used and its substrate are made, a difference arises in gettering capability. These a 

manufacturing yield of a device. [ a fall and ] [ unstable ] 

[0023] 

[Problem(s) to be Solved by the Invention]As stated until now, about a dielectric isolation substrate, 
each of substrates manufactured by the conventional melting recrystallizing method ( drawing 26 ) or 
substrates ( drawing 27 ) by the SIMOX method have the bad crystallinity of the active layer which forms 
a device, and it is unsuitable as a substrate of high integration and the device by which minuteness 
making was carried out. 

[0024]The crystallinity of the active layer of the wafer ( drawing 28 ) pasted up on both sides of the 
silicon oxide layer on the other hand is equivalent to the usual mirror wafer. In order to control crystal 
defects induced by processes, such as a trench process and a LOCOS process, such as a 
rearrangement and OSF, there is also a substrate ( drawin g 28 (b)) which provided the gettering layer 
which has gettering capability in the inside. 

[0025] However, the dielectric isolation substrate by this method has the following problems. That is, 
since a coefficient of thermal expansion laminates a mutually different layer and is constituted, the (a) 
dielectric isolation substrate produces curvature in the substrate principal surface. In an exposure 
process, this causes trouble and it has been a big problem with large-caliber-izing of a substrate, (b) 
Since direct contact of a gettering layer and the active layer is carried out, many BMD(s) generate them 
in an active layer when heat-treating, (c) Since the gettering layer and the active layer have touched 
directly, it has an adverse effect on the electrical property of a device, (d) Constitute a substrate. Since 
two wafers are pasted up via a gettering layer, the adhesion yield falls. 

[0026]Next, in the substrate ( drawin g 30 (a)) which gave gettering capability by the conventional EG 
method about the semiconductor substrate which has gettering capability, (a) There is a problem of a 
device fabrication (b) gettering layer being damaged, and generating particle, curvature occurring in the 

(c) board. [ in which the gettering capability of the gettering layer formed in the rear face in process is 
extinguished ] 

[0027]In the substrate ( drawing 30 (b)) by the conventional IG method, there are problems, like a 
difference has the gettering capability of the (b) board with which a crystal defect remains in the (a) DZ 
layer for every lot. 

[0028]Also in [the purpose of this invention is to improve said problem of the conventional dielectric 
isolation substrate by wafer adhesion to the 1st. improve said problem of the semiconductor substrate 
which has the conventional gettering capability in the 2nd, and ] which case. It has the stable gettering 
capability which can control crystal defects induced by the process, such as a rearrangement and OSF, 
It is providing the semiconductor substrate which has a dielectric separation semiconductor substrate 
which eases the adverse effect to the device property produced from the structure of a substrate, and 
prevents the curvature of a substrate, and from which improvement and stability of the manufacturing 
yield of a substrate and a device are acquired by these, its manufacturing method, and gettering 
capability, and its manufacturing method. 
[0029] 

[Means for Solving the Problem]A semiconductor substrate concerning claim 1 of this invention so that 
it may illustrate to drawin g 1 and drawin g 2. The 1st gettering layer 22a and the 2nd gettering layer 22b 
which have the gettering capability formed in each on the 1st principal surface 21a of the 1st 



semiconductor single crystal layer (wafer) 21 and this 1st semiconductor single crystal layer, and the 
1st principal surface and the 2nd principal surface 21b of an opposite hand, The 1st insulating layer 23a 
formed on an outside principal surface of the 1st gettering layer 22a, The 2nd insulating layer 23b 
( drawin g 2) covered by the 2nd insulating layer 23b (drawing 1) or the protective layer 25 formed on an 
outside principal surface of the 2nd gettering layer 22b and the 2nd semiconductor single crystal layer 
(wafer) 24 formed on an outside principal surface of the 1st insulating layer 23a are provided. 
[0030]An invention concerning claim 2 of this invention so that it may illustrate to drawing 4, drawing 5 
or drawing 6 , drawing 7 , and drawing 8 . A process of forming the 1st gettering layer 22a and the 2nd 
gettering layer 22b, respectively on the 1 st principal surface of the 1 st semiconductor single crystal 
layer 21, and the 2nd principal surface, A process of forming the 1st insulating layer 23a on an outside 
principal surface of the 1st gettering layer 22a, Further this layer by the protective layer 25 after 
formation for a process ( drawin g 4 (c)) of forming the 2nd insulating layer 23b on an outside principal 
surface of the 2nd gettering layer 22b. or the 2nd insulating layer 23b A wrap process ( drawin g 7 (e)). It 
is a manufacturing method of the semiconductor substrate possessing a process of forming the 2nd 
semiconductor single crystal layer 24 by wafer adhesion art on an outside principal surface of the 1st 
insulating layer 23a according to claim 1. 

[0031 ]A semiconductor substrate concerning said claim 1 and claim 2 is called a dielectric separation 
semiconductor substrate for convenience in this specification. 

[0032]A desirable embodiment of the 1 st and 2nd gettering layers that have the gettering capability 
concerning claim 1 and claim 2, A damaged layer by sandblasting, a damaged layer by a laser beam, A 
damaged layer by ion implantation, a damaged layer by a scratch, a damaged layer by wrapping or 
grinding, A polysilicon (polycrystalline silicon) layer, an amorphous silicon (amorphous silicon) layer. 
Either among a silicon nitride layer, a silicon oxide layer, a phosphorus glass layer, a high-concentration- 
impurities dope silicon layer, and a silicon layer that includes a crystal defect with high density It is 
comprising one layer or lamination of two or more layers. 

[0033]A desirable embodiment of a high-density impurity dope silicon layer which has gettering 
capability, Either among Lynn (P), arsenic (As), antimony (Sb), boron (B), oxygen (O), germanium 
(germanium), and carbon (C) An impurity which consists of one sort or two or more sorts of elements is 

totaled. It is a silicon layer which is included as for more than 1x10 atoms/cm . A desirable 
embodiment of a silicon layer which includes the above-mentioned crystal defect with high density is 
either among a stacking fault, a rearrangement, a deposit, and a minute fault. One sort or two or more 

sorts of defects are totaled, and more than 10 ^ KE / cm"^ contain. 

[0034]A desirable embodiment of the 1st and 2nd insulating layers concerning said claim 1 and claim 2 is 
either among a silicon oxide layer, a silicon nitride layer, and an alumina layer. It is comprising one layer 
or lamination of two or more layers. 

[0035]A desirable embodiment of a protective layer concerning said claim 1 and claim 2 is either among 
a silicon nitride layer, a silicide layer, and a polysilicon layer. It is comprising one layer or lamination of 
two or more layers. When the 1st and 2nd insulating layers comprise a silicon nitride layer, it does not 
interfere, even if it omits a protective layer. 

[0036]An invention concerning claim 3 of this invention so that it may illustrate to drawin g 18 and 
drawin g 19 , A process of forming the gettering layer 32 which has gettering capability on the 1 st 
principal surface 31a of the 1st semiconductor single crystal layer (wafer) 31, A process of forming the 
2nd semiconductor single crystal layer (wafer) 33 by wafer adhesion art on an outside principal surface 
of the gettering layer 32, So that board thickness of a laminated circuit board which consists of the 1st 
semiconductor single crystal layer 31, the gettering layer 32, and the 2nd semiconductor single crystal 
layer 33 may be made into predetermined thickness and said gettering layer 32 may be located in the 
central part of a thickness direction of a laminated circuit board, It is a manufacturing method of a 
semiconductor substrate having the process of carrying out processing polish of both the 1 st 
semiconductor single crystal layer 31. and the 2nd both [ either or ] 33. 

[0037]An invention concerning claim 4 of this invention is the semiconductor substrate manufactured by 
the manufacturing method according to claim 3, as illustrated to drawing 16 , and The 1st semiconductor 
single crystal layer 31, The gettering layer 32 which has the gettering capability formed on the 1st 
principal surface 31a of this 1st semiconductor single crystal layer 31, It has the 2nd semiconductor 
single crystal layer 33 formed on an outside principal surface of this gettering layer 32, and board 
thickness of this laminated circuit board is predetermined thickness, and it is a semiconductor 



substrate, wherein the gettering layer 32 is located in the central part of a thickness direction of a 
laminated circuit board. 

[0038]A semiconductor substrate concerning said claims 3 and 4 may be called for convenience a 
lamination board which has gettering capability in a detailed description of the invention. 
[0039]Gettering capability concerning said claim 1 and claim 2. A desirable embodiment concerning a 
silicon layer which includes a high-concentration-impurities dope silicon layer and a crystal defect which 
have the gettering capability indicated in a desirable embodiment of the 1st and 2nd gettering layers it 
has. and this embodiment with high density. It is applicable as a desirable embodiment of a gettering 
layer which has the gettering capability concerning said claim 3 and claim 4. 

[0040]According to the trial result, it is a desirable embodiment that it is mum, and. as for thickness of a 
gettering layer concerning claim 3 and claim 4. it is desirable to be located in less than **10% of this 
substrate thickness from the center of a thickness direction of this gettering layer (0.5 thru/or 10). 
[0041] 

[Function]According to the composition of the dielectric separation semiconductor substrate concerning 
said claim 1 thru/or claim 2, the 1st gettering layer 22a that has gettering capability on both sides of the 
1st insulating layer 23a is formed in the undersurface ( drawing 1 ) of the 2nd semiconductor single 
crystal layer 24 used as the active layer in which an element is formed. Since this gettering layer 22a is 
excellent in the gettering capability of the metal impurity etc. which exist in an active layer in the 
process of being easy to produce the defect of process induction of a trench process, a LOCOS 
process, etc.. Crystal defects induced by processes, such as a trench process and a LOCOS process, 
such as a rearrangement and OSF, can be controlled. 

[0042]Since this gettering layer 22a is formed on both sides of the 1st insulating layer 23a. it can 
suppress that BMD occurs mostly in the device active layer 24. and does not have an adverse effect on 
the electrical property of a device. 

[0043]The thickness (for example, about 500 micrometers) of the 1st semiconductor single crystal layer 
21 used as a pedestal, Compared with the thickness (for example, about 20 micrometers) of the 2nd 
semiconductor single crystal layer (device active layer) 24, it is very thick, Since the 1 st and 2nd 
gettering layers, the 1st insulating layer, and the 2nd insulating layer are provided in this the thick 1st 
semiconductor single crystal layer 21 upper part and bottom by respectively equivalent thickness, they 
can control the curvature of a substrate. 

[0044]Since it is stuck to the 2nd semiconductor single crystal layer 24 on the 1st insulating layer 23a 
formed in the 1st semiconductor single crystal layer 21. ** has still few possibilities of causing the fall of 
the adhesion yield. When the 2nd insulating layer 23b comprises substances other than silicon nitride, in 
order to protect the surface, the protective layer 25 is used. 

[0045]According to the composition of the lamination board which has the gettering capability 
concerning said claims 3 and 4, the gettering layer 32, Since it is inserted into the 1st semiconductor 
single crystal layer 31 and the 2nd semiconductor single crystal layer 33 and is protected, gettering 
capability does not disappear in a device fabrication process like conventional technology. A gettering 
layer receives a damage and particle is not generated. 

[0046]Furthermore. since said gettering layer 32 is located near the center of the thickness direction of 
a lamination board (**10%), it cannot be based on the kind of gettering layer, but can control generating 
of the curvature of a substrate. 

[0047]If the thickness of the gettering layer 32 and gettering capability sufficient in 0.5 or less 
micrometer may not be acquired and 10 micrometers is exceeded, it is checked that there is a 
possibility of having influence harmful to the 1st semiconductor single crystal layer field used as a 
device active layer. 

[0048]By composition of the lamination board which has said dielectric separation semiconductor 
substrate and gettering capability. Said each conventional problem improves, it has the stable gettering 
capability which can control the crystal defect of process induction in the case of which, the adverse 
effect to the device property produced from the structure of a substrate is eased, and the substrate 
which can prevent curvature is obtained. 
[0049] 

[Example]Hereafter, the example of this invention is described, referring to drawings. 
[0050] Drawin g 1 is a sectional view showing the 1st example of the structure of the dielectric 
separation semiconductor substrate concerning claim 1 of this invention. On the 1st principal surface 
21a of the 1st semiconductor single crystal layer (silicon single crystal wafer) 21, and the 2nd principal 



surface 21b, the amorphous silicon layer is formed as the 1st gettering layer 22a and the 2nd gettering 
layer 22b, respectively. On the 1 st and 2nd gettering layers 22a and 22b of these both sides, the silicon 
nitride layer is formed as the 1st insulating layer 23a and the 2nd insulating layer 23b, respectively. 
Furthermore on the 1st insulating layer 23a. the 2nd semiconductor single crystal layer (single crystal 
silicon wafer by which processing polish was carried out at predetermined thickness) 24 used as a 
device active layer is formed. 

[0051 ]It is possible to use these laminations, such as a polysilicon layer, an amorphous silicon layer, a 
silicon nitride layer, a high-concentration-impurities dope silicon layer, and a silicon layer that contains a 
defect with high density, as said gettering layer in this case. 

[0052]As the 1st and 2nd insulating layers 23a and 23b, these laminations, such as a silicon oxide layer, 
a silicon nitride layer, and an alumina layer, can be used. 

[0053] Drawin g 2 is a sectional view showing the 2nd example of the structure of the dielectric 
separation semiconductor substrate concerning claim 1 of this invention. On the both principal planes of 
the 1st semiconductor single crystal layer (silicon single crystal wafer) 21, the polysilicon layer is 
formed, respectively as the 1st and 2nd gettering layers 22a and 22b. On the 1st and 2nd gettering 
layers 22a and 22b of these both sides, the silicon oxide layer is formed as the 1st insulating layer 23a 
and the 2nd insulating layer 23b, respectively. Furthermore on the 1st insulating layer 23a. the 2nd 
semiconductor single crystal layer (silicon single crystal wafer ground by predetermined thickness) 24 
used as a device active layer is formed, and the silicon nitride layer is formed as the protective layer 25 
on the 2nd insulating layer 23b. 

[0054]In this case, it is possible to use the gettering layer and insulating layer which were explained in 
said 1st example as the 1st and 2nd gettering layers and the 1st and 2nd insulating layers. 
[0055]As the protective layer 25, it is still more possible to use a silicon nitride layer, a silicide layer and 
polysilicon layers, or these laminations. 

[0056] Drawing 3 is a sectional view showing the 3rd example that is an application of the structure of 
the dielectric separation semiconductor substrate concerning claim 1 of this invention. On the both 
principal planes of the 1st semiconductor single crystal layer (silicon single crystal wafer) 21, the silicon 
nitride layer is formed as the 1st insulating layer 26a that has gettering capability, and the 2nd insulating 
layer 26b. In this case, since a silicon nitride layer has a function as a gettering layer and it also has a 
function as a protective layer, a gettering layer and a protective layer are omissible. Then, the 2nd 
semiconductor single crystal layer (silicon single crystal wafer by which processing polish was carried 
out at predetermined thickness) 24 that becomes the upper surface of the 1st insulating layer 26a with 
a device active layer is formed. 

[0057]Next, the manufacturing method of the dielectric separation semiconductor substrate of the 
above 1 st thru/or the 3rd example is explained with reference to drawings. 

[0058] Drawin g 4 and drawing 5 are the manufacturing methods concerning claim 2 of this invention, and 
are each process sectional view showing a series of flows of the process about the case where the 
dielectric separation semiconductor substrate ( drawin g 1) concerning said 1 st example is formed with 
wafer adhesion method. 

[0059]In drawing 4 (a), the silicon single crystal wafer 21 (the 1st semiconductor single crystal layer) of 
the P type with which mirror polishing of the crystal orientation (111) was carried out first is prepared. 
In the figure (b), it is thickness abbreviation on the both principal planes of this silicon single crystal 
wafer 21. The 1-micrometer amorphous silicon layers 22a (the 1st gettering layer) and 22b (the 2nd 
gettering layer) are formed by a publicly known glow discharge part solution. In the figure (c), the silicon 
nitride layers 23a (the 1st insulating layer) and 23b (the 2nd insulating layer) about 1000 A thick are 
formed with plasma CVD method on the amorphous silicon layers 22a and 22b. 

[0060]Next. the silicon single crystal wafer 24 (the 2nd semiconductor single crystal layer) of the P type 
with which mirror polishing of the crystal orientation (111) was carried out in drawin g 5 (d), The P type 
silicon single crystal wafer 21 in which the amorphous silicon layer and the silicon nitride layer were 
formed is stuck in the atmosphere, as mirror planes counter. Then, it is abbreviation at with the inside of 
a gas atmosphere (N2/02= 4 / 1 (volume ratio)), and a temperature of about 1 100 ** conditions. Heat 

treatment of 2 hours is performed and let mutual adhesion of the wafer 21 and the wafer 24 be a firm 
thing. In drawin g 5 (e). processing polish is carried out at the thickness (for example, about 10 
micrometers) of a request of the pasted-up silicon single crystal wafer 24 with a grinder, and the 
dielectric separation semiconductor substrate of the 1st example shown in drawin g 1 of this invention is 



completed. 

[0061]If the specific resistance of said P type silicon single crystal wafer, crystal orientation, a 
conductivity type, an oxygen density, etc. are beforehand determined by a device design, there will be no 
restriction in particular. As for the formation method and layer thickness of the amorphous silicon layers 
22a and 22b and the silicon nitride layers 23a and 23b, it is needless to say that it is not limited to the 
described contents. 

[0062l Drawing 6 t hru/or drawing 8 are the manufacturing methods concerning claim 2 of this invention, 
and is each process sectional view showing a series of flows of the process about the case where the 
dielectric separation semiconductor substrate ( drawing 2 ) concerning said 2nd example is formed with 
wafer adhesion method- A below different point from the 1 st example is mainly carried out, and it 
explains. 

[0063]In drawin g 6 (a), the N type silicon single crystal wafer (the 1st semiconductor single crystal layer) 
21 in which mirror polishing of the crystal orientation (100) was carried out is prepared first. Under the 
present circumstances, it shall leave the natural oxidation film on the silicon single crystal wafer 21. 
Next, in drawin g 6 (b), it is thickness abbreviation on the both principal planes of this silicon single 
crystal wafer 21. The 1 -micrometer polysilicon layers 22a (the 1st gettering layer) and 22b (the 2nd 
gettering layer) are formed with a CVD method. Next, in drawin g 6 (c), the silicon oxide layers 23a (the 
1st insulating layer) and 23b (the 2nd insulating layer) about 1000 A thick are formed by thermal 
oxidation on the polysilicon layer of both sides. 

[0064]Next. the N type silicon single crystal wafer 24 (the 2nd semiconductor single crystal layer) in 
which mirror polishing of the crystal orientation (100) was carried out in drawin g 7 (d). It heat-treats by 
pasting up in the atmosphere the silicon single crystal wafer 21 in which the polysilicon layer and the 
silicon oxide layer were formed, as mirror planes counter. Next, in drawing 7 (e), it is thickness 
abbreviation. The 100-A silicon nitride layer 25 (protective layer) is formed with plasma CVD method. 
Next, in drawing 8 (f), processing polish of the silicon single crystal wafer 24 used as the pasted-up 
device active layer is carried out at a request, for example, a thickness of about 10 micrometers, and 
the dielectric separation semiconductor substrate of the 2nd example shown in d rawi ng 2 of this 
invention is completed. 

[0065]The natural oxidation film which it left on the silicon single crystal wafer 21 in said drawin g 6. 
Even if the operation which prevents silicon deposited on the wafer 21 from growing epitaxially with the 
following polysilicon layer formation process is carried out and it is not a natural oxidation film in 
particular, it may be an oxidizing film of suitable good for example, thickness. The formation method of 
the polysilicon layers 22a and 22b, the silicon oxide layers 23a and 23b, and the silicon nitride layer 25 
and thickness are not limited to the described method. 

[0066]As for the forming temperature of the protective layer 25, it is desirable to avoid and form 800 ** 
[ order ] temperature in order to, avoid generating of BMD in the silicon single crystal layer 24 used as 
an active layer if possible. 

[0067] Drawin g 9 and drawin g 10 are each process sectional view showing a series of flows of the 
process about the case where the dielectric separation semiconductor substrate ( drawin g 3) of said 3rd 
example concerning the application of claim 1 of this invention is formed with wafer adhesion method. 
Since, as for this example, a silicon nitride layer has a function as a gettering layer, an insulating layer, 
and a protective layer. The P type silicon single crystal wafer 21 in which mirror polishing of the crystal 
orientation (111) was first carried out in . (a), i.e., dr aw ing 9. which skip the process of forming the 
amorphous silicon layers 22a and 22b (the 1st and 2nd gettering layers) from the process shown in said 
drawin g 4 and drawin g 5 is prepared. On the both principal planes of the single crystal wafer 21 of the 
Drawing (b) smell lever, it is thickness abbreviation. The silicon nitride layers 26a (the 1st insulating 
layer) and 26b (the 2nd insulating layer) which have 1 micrometer of gettering capability are formed with 
plasma CVD method. In drawin g 1 0 (c), next, the P type silicon single crystal wafer 24 by which mirror 
polishing was carried out and said silicon single crystal wafer 21 of crystal orientation (111). After 
carrying out adhesion heat treatment, as shown in drawing 10 (d), processing polish of the silicon single 
crystal wafer 24 is carried out, it is considered as desired thickness, and the dielectric separation 
semiconductor substrate of the 3rd example shown in drawin g 3 of this invention is completed. 
[0068]Next, the trial result of having compared the dielectric separation semiconductor substrate of 
above-mentioned this invention with the semiconductor substrate by the conventional adhesion is 
explained with reference to drawing 1 1 t hru/or drawin g 15. 

[0069] Drawing 1 1 measures the curvature (micrometer) of the substrate in the dielectric separation 



semiconductor substrate ( drawing 2 ) of the 2nd example of this invention, and the semiconductor 
substrate ( drawing 28 ( b)) possessing the gettering layer by the conventional adhesion. That is, with the 
conventional substrate, it turns out to not less than 50-micrometer curvature having occurred that it 
has stopped at around 1 0-micrometer curvature with the substrate of this invention. This became 
possible to obtain the stable high yield in the exposure process of device fabrication. 
[0070] Drawin g 12 The dielectric separation semiconductor substrate ( drawing 2 ) of the 2nd example of 
this invention, with 800 ** and heat treatment of 3 hours in oxygen environment using the 
semiconductor substrate ( drawing 28 (b) and a gettering layer — an owner) by the conventional 
adhesion. It carries out by continuing 1000 ** and heat treatment of 16 hours, and the silicon single 

crystal layer 24 (this invention) by the side of an active layer and the BMD density (KE / cm^) in three 
(conventional article) are measured with an optical microscope after light etching (Wright Etching). The 
histories (an ingot, an oxygen density [Oj], etc.) of the wafer used for production of a substrate are 

completely the same. 

[0071]At this invention, it is a detection limit altogether to BMD before and behind 10 ^ (KE / cm^) 

having occurred in the conventional substrate from the figure. It turns out that below 1x10 (KE / cm ) 
has become. It enabled this to obtain little stable high yield with poor device operation. 
[0072]What ( drawing 28 (a)) does not provide the thing ( drawin g 28 (b)) in which drawing 13 has a 
gettering layer with the dielectric separation semiconductor substrate ( drawin g 2) of the 2nd example of 
this invention, and the substrate by the conventional adhesion, and a gettering layer Three kinds of 
substrates are used. Defect density [ in / CMOS device / (it is written as the elegance II the elegance I 
and conventionally an invention and conventionally) / which was created by the same process / each 

trench part ] (KE / cm^) It investigates. 

[0073]The device (conventional article II) produced using the conventional substrate ( drawin g 28 (aX 
nothing [ gettering layer]) so that more clearly than the figure, with the device (conventional article I) 
created using the device (invention) and the conventional substrate ( drawin g 28 (b) and the gettering 
layer — the owner) which were created using the substrate of this invention, it turns out to many 
defects having occurred in the trench part that defective generating is controlled. 
[0074]When the defect density of the trench part of the device which can furthermore be set in the 
elegance I this invention article and conventionally, and is kicked is measured, it turns out that defective 
generating by a trench part is most controlled for the direction of the device created using the 
substrate of this invention. It became possible to obtain the device of the high yield stable by this. 
[0075] drawin g 14 compares the last yield (relative ratio) about the CMOS device created by the 
respectively same process using the dielectric separation semiconductor substrate ( drawin g 2) of the 
2nd example of this invention, and the semiconductor substrate (the drawin g 28 (b) gettering layer — an 
owner) by the conventional adhesion. Average yield with the worse yield It is being referred to as 1. 
Variation is shown by the amount of [ by which - seal in a figure passes along average value and - seal ] 
vertical bar. 

[0076]It turns out that the device (invention) of yield created from the figure to the device (conventional 
article) created using the conventional substrate using the substrate of this invention is better. Since 
this last yield includes the quality of the electrical property of a device (CMOS), it has brought a result 
in which the existence of the adverse effect to the device of some of BMD(s) in a device active layer or 
the polysilicon layer of the active layer bottom was also contained. 

[0077]average yield of the one where drawing 15 is what compared the wafer adhesion yield (relative 
ratio) in the manufacturing process of the dielectric separation semiconductor substrate ( drawin g 2) of 
the 2nd example of this invention, and the conventional semiconductor substrate ( drawin g 28 (b) and a 
gettering layer — an owner), and the yield is worse It is being referred to as 1. 

[0078]It turns out that the substrate of yield of this invention on which the silicon single crystal wafer 
24 was pasted up via the silicon oxide layer 23a is more expensive than the manufacturing method of 
the conventional substrate pasted up via the polysilicon layer so that more clearly than the figure. 
Thereby, the direction of the substrate of this invention shows that a manufacturing cost may be able to 
be made lower than the conventional substrate. 

[0079]As explained in full detail until now, in the dielectric separation semiconductor substrate shown in 
Example 1 and Example 2, the 1st insulating layer 23a is inserted under the silicon single crystal layer 24 
used as an active layer, and the 1st gettering layer 22a that has gettering capability is formed. In the 



process of being easy to produce the defect of process induction of a trench process, a LOCOS 
process, etc., since the gettering capability of a metal impurity etc. is excellent, this 1 st gettering layer 
22a can control crystal defects induced by the process, such as a rearrangement and OSF. Since this 
gettering layer 22a is formed on both sides of the 1st insulating layer 23a. it can suppress that BMD 
occurs mostly in the device active layer 24, and does not have an adverse effect on the electrical 
property of a device. Since the insulating layer and the gettering layer are provided in the thick 1st 
silicon single crystal layer 21 upper part and bottom used as a pedestal by equivalent thickness, they 
can control curvature. Since the 2nd silicon single crystal layer 24 pastes up with the 1st insulating 
layer formed on the 1st silicon single crystal layer 21. there are still few possibilities of causing the fall 
of the adhesion yield. 

[0080]In the dielectric separation semiconductor substrate of the 3rd example shown in drawing 3. since 
the 1 st and 2nd silicon nitride layers 26a and 26b serve as the role of the 1 st gettering layer 22a in the 
1st example and the 2nd example, and the 2nd gettering layer 22b, an effect equivalent to the above is 
acquired. 

[0081 ]As explained above, according to the dielectric separation semiconductor substrate concerning 
claim 1 thru/or claim 2, the problem of said conventional technology improves. 

[0082] Drawin g 16 is a sectional view showing the 1st example of the structure of a lamination board of 
having the gettering capability concerning claim 4 of this invention. 

[0083]This lamination board is a substrate manufactured by the manufacturing method concerning 
below-mentioned claim 3, and The 1st silicon single crystal layer (the 1st semiconductor single crystal 
layer) 31. The 2nd silicon single crystal layer (the 2nd semiconductor single crystal layer) 33 formed on 
the outside principal surface of the gettering layer 32 formed on the 1st principal surface 31a of this 
layer is comprised. The 1st and 2nd silicon single crystal layers 31 and 33 are abbreviation, respectively. 
Processing polish is carried out at an equal thickness of 310 micrometers, and the gettering layer 32 is 
located in the central part of this lamination board. 

[0084]As the gettering layer 32 in this case, sandblasting, a laser beam. The damaged layer by ion 
implantation, a scratch, etc. or a polysilicon layer, an amorphous silicon layer, a silicon nitride layer, a 
silicon oxide layer, a high-concentration-impurities dope silicon layer, or the phosphorus glass layers It 
is possible to use one layer or these laminations. 

[0085] drawing 17 is the 2nd example of the lamination board which has the gettering capability 
concerning claim 4 of this invention — said 1st example ( drawing 16 ) — once — an example — it is . 
The silicon oxide layer is formed in the undersurface of the 1st silicon single crystal layer (the 1st 
semiconductor single crystal layer) 31 as the 1st gettering layer 32. A polysilicon layer is formed in the 
outside principal surface (undersurface) of this 1st gettering layer 32 as the 2nd gettering layer 34, and 
the 2nd silicon single crystal layer 33 is formed in that outside principal surface (undersurface). 
[0086]The lamination [ as / in this 2nd example ] of a layer where kinds differ as a gettering layer is 
possible. Further Lamination of three or more layers is also possible. 

[0087]The inside of the example of the manufacturing method of the lamination board which has the 
gettering capability which drawing 18 and drawin g 19 require for claim 3 of this invention, The gettering 
layer 32 is a sectional view showing a series of flows of the process about the case of sandblasting, a 
laser beam, ion implantation, the damaged layers by either of the scratches, or these laminations. 
[0088]In drawin g 18 (a), one side (the 1st principal surface 31a) of crystal orientation (100) prepares 
first the 1st silicon single crystal wafer 31 of the P type by which mirror polishing was carried out. In 
drawin g 18 (b), the damaged layer (gettering layer) 32 is formed in the 1st principal surface 31a where 
mirror polishing of this wafer 31 was carried out by the sandblasting method. Next, one side of crystal 
orientation (100) prepares the 2nd silicon single crystal wafer 33 of the P type by which mirror polishing 
was carried out (a mirror plane is made into the 1st principal surface 33a). Next, in drawin g 19 (c), the 
1st silicon single crystal wafer 31 and the mirror polishing face 33a of the 2nd silicon single crystal 
wafer 33 are stuck in the atmosphere, as the gettering layer 32 is inserted in between. Then, it is 
abbreviation at with the inside of a gas atmosphere (N2/02= 4/1 (volume ratio)), and a temperature of 

about 1 100 ** conditions. Heat treatment of 2 hours is performed and mutual adhesion with the 1st 
silicon single crystal wafer 31 and the 2nd silicon single crystal wafer 33 is made firm. 
[0089]Next. in draw ing 1 9 (d), the 1st and 2nd pasted-up silicon single crystal wafers 31 and 33 are 
shaved in the thickness (for example, respectively abbreviation 310 micrometers) of a request with a 
grinder. Furthermore mirror polishing of the surface (the 2nd principal surface 31b) of the wafer 31 is 



carried out, and the lamination semiconductor substrate according to claim 4 is obtained. 
[0090]The conductivity type of the used wafers 31 and 33 and crystal orientation are not limited to the 
described contents. If determined by a device design, it will not be limited in particular for the caliber of 
a wafer, specific resistance, crystal orientation, a conductivity type, and an oxygen density [0|]. 

[0091]So that the gettering layer 32 may paste together again the processing polish shown in drawin g 19 
(d) to the predetermined value as which the thickness of the wafers 31 and 33 was mutually determined 
by the device design equally and it may be located in the central part of the thickness direction of a 
substrate. According to the surface state of a substrate, when you need adjustment, respectively, it 
carries out. in many cases, it is carried out, but it always does not carry out necessarily. 
[0092]The inside of the example of the manufacturing method of the lamination board which has the 
gettering capability which drawing 20 and drawin g 21 require for claim 3 of this invention, The gettering 
layer 32 is either among a silicon oxide layer, a silicon nitride layer, and a high-concentration-impurities 
dope silicon layer. It is a sectional view showing a series of flows of the process about the case of one 
layer or these laminations. A different point from the manufacturing method shown in drawing 18 and 
drawin g 19 is mainly explained. 

[0093]As the 1st silicon single crystal wafer 31 shown in drawing 20 (a) is prepared and it is shown in 
the figure (b). a silicon oxide layer is formed in both sides as the gettering layer 32. In the example of 
drawing 18 , it differs in that it is carried out to both sides at this example to formation of the gettering 
layer 32 being performed on one side of the wafer 31. 

[0094]For this reason, after carrying out adhesion heat treatment of both the wafers shown in drawing 
21 (c), in order to remove the gettering layer 32 formed on one principal surface of the silicon single 
crystal wafer 31 at least in the processing polishing process shown in drawin g 21 (d), processing polish 
or etching is indispensable. Other portions are the same as that of said drawin g 1 8 and the explanation 
in 19. 

[0095] Drawing 22 and drawing 23 are the process sectional views showing a series of flows of the 
process of creating the 2nd example ( drawing 17 ) of the lamination board which has the gettering 
capability concerning claim 4 of this invention using wafer adhesion method. A different point from the 
manufacturing method shown in drawing 18 and drawin g 19 is mainly explained. 

[0096]First, in drawing 22 (a), the 1st silicon single crystal wafer 31 is prepared, and about 1000-A 
silicon oxide layer 32 is formed by thermal oxidation processing as the 1st gettering layer 32 on these 
both sides in drawin g 22 (b). Next, in drawin g 22 (c), a polysilicon layer about 1 micrometer thick is 
formed in one of the fields of this silicon oxide layer 32 with a CVD method as the 2nd gettering layer 
34. 

[0097]Next, in drawing 23 (d), heat treatment is performed, after pasting up in the atmosphere, as the 
1st and 2nd gettering layers 32 and 34 are inserted in between the 1st silicon single crystal wafer 31 
and the 2nd silicon single crystal wafer 33. Next, in drawi n g 23 (e), the pasted-up wafers 31 and 33 are 
shaved in the thickness (for example, respectively abbreviation 310 micrometers) of a request with a 
grinder, mirror polishing of the surface of the wafer 31 is carried out further, and the 2nd example 
( drawin g 17) of the lamination board which has the gettering capability of this invention is completed. In 
this case, since formation of the 1st gettering layer 32 is carried out to both sides of the 1st silicon 
single crystal layer 31, it becomes indispensable at least after adhesion heat treatment processing polish 
of one principal surface of the 1st silicon single crystal layer 31 or etching. 

[0098]Although the 1st gettering layer 32 is a silicon oxide layer and the case where the 2nd gettering 
layer was a polysilicon layer was shown by this example, it is also possible to combine other gettering 
layers. Unless the caliber of a wafer, specific resistance, the crystal orientation of a field, a conductivity 
type, an oxygen density [Oj], etc. conflict with a device design, there is no restriction. The thickness of 

the silicon oxide layer (the 1st gettering layer) 32 formed by this example, and the polysilicon layer (the 
2nd gettering layer) 34, The strength of gettering capability is changeable by changing not the thing 
limited to the described thickness but the thickness of the 1st and 2nd gettering layers. 
[0099] Drawin g 24 measures and compares curvature (micrometer) with elegance this invention article 
and conventionally about the lamination board which has gettering capability. It is considered as the 
lamination board which has a lamination gettering layer which consists of the silicon oxide layer 32 and 
the polysilicon layer 34 of said 2nd example (what is shown in drawin g 17 ) as this invention article. 
Conventionally, as elegance, it is a substrate of composition of being shown in drawin g 30 (a), and is 
abbreviation as the gettering layer 1 2 to the rear face of the silicon single crystal substrate 1 . It is 



* 



considered as the substrate in which the 1 -micrometer-thick polysilicon layer was formed. 
[0100]As drawing 24 shows, in elegance, it turns out conventionally to not less than 50-micrometer 
curvature having generated large one that it remains in around 10-micrometer curvature with this 
invention article. It enabled this to obtain the stable high yield in the exposure process under device 
fabrication. 

[0101] Drawing 25 compares the last yield (relative ratio) about the CMOS device created by the same 
process, respectively using a substrate with elegance the invention concerning trial of drawing 24 . and 
conventionally. Average yield with the worse yield (conventional article) It is being referred to as 1. 
[0102]Conventionally. to elegance, the device of yield created using the substrate of this invention 
article is better, and drawin g 25 shows that the width of the variation is also narrowly stable. This is 
considered that the difference of the amount of particles generations and the difference of influence at 
the device fabrication process of the durability of gettering capability besides the difference of the 
influence by the yield in the exposure process of the device fabrication by the difference in the 
curvature shown by drawin g 24 are included. 

[0103]Since according to the lamination board which has the gettering capability concerning claims 3 
and 4 a gettering layer is inserted into the 1 st and 2nd semiconductor single crystal layers and is 
protected, as explained above, Like a conventional example, gettering capability does not disappear in a 
device fabrication process, and there is also no generating of the particle by a gettering layer. 
Furthermore, since this gettering layer is located near the center of the thickness direction of a 
substrate, it cannot be based on the kind of gettering layer, but can suppress generating of curvature. 
[0104]According to the lamination board of this invention, it has been improved and the problem of 
conventional technology was able to aim at improvement and stability of the manufacturing yield of a 
device so that the above example might also show. 
[0105] 

[Effect of the Invention]As explained in full detail until now, by the invention concerning claims 1 and 2 
of this invention. By the invention which can improve said problem of the conventional dielectric 
separation semiconductor substrate by wafer adhesion, and relates to claims 3 and 4 of this invention. 
Also in the case where said problem of the semiconductor substrate which has the conventional 
gettering capability can be improved, and they are any, It has the stable gettering capability which can 
control crystal defects induced by the process, such as a rearrangement and OSF, Ease the adverse 
effect to the device property produced from the structure of a substrate, and the curvature of a 
substrate is prevented. The lamination semiconductor substrate which has a dielectric separation 
semiconductor substrate from which improvement and stability of the manufacturing yield of a substrate 
and a device are acquired by these, its manufacturing method, and gettering capability, and its 
manufacturing method were able to be provided. 
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&iti.x. i&^mmm^m& (i^T [Oi ] t-r^) 

<D^a\/^ (14'-'17X 10^*^ atoms/cm^ (OLD ASTM 

m^) aS) a«^^v^. rtb^ia3it:/n-fe;:^icA^mI 

Id, i^ta (iooox:'-i20o^gS) ( 700t:'-90 

(i. ?eH%j)cPfe^^<^i^^ii: (i^^SjXPfeMl 3) . m 
m<r>mmH75:^. )eS:^R&<^^*VN-®« (Denuded Zon 
e. DZgl4) ^Jg^-r^o rcOi^^Sj^R&Sl 3;55 

[0 0 2 1] b3e)^b/.ed5blll3 0 (a) tC^-TEGfeJC 

»:c^Pp^M>^:^^fo^o (a) ScSicjl^^b 

tiy^y^v>^^mi2\^. y'y<4 ^^m^jM^s mm 

^f»IMI<^X@^ja^!9iSi-5'^(r?BI«b-Cb^v>. ^ 
y^ V l^^m:^t^^^<K^:^:Lt^^h^o (b) ^^^-r:^ 

Siitxs*?. mj^^. mmm. i5fe?*<?5xs-e. y^y^^^y 
>'i/^i2^vM^. v?^sttfcs/y =2>'g^sos 

ad5t»j;65tb, CttdSy^— (particle, ^ 

n^) ir/c^oT. 7^/^^;^^^(C>ht«i-^, (c) 

^y^v>'^mi2tiyv^>^^it(DmBm 

[0 0 2 2] *fcEI3 0 (b) td^-r I Gifeic:J;^SS 

Xn. (a) DZg 1 4rt(cSB^0j>;:Pfe^5^oTb^\/\ 

rtt;is^^^^>^<7)»if^^S:60JSH<h/.t^o (b) mmm 

[0 0 2 3] 

26) (C<fc»:)Sa3g^tt/cS«^V>f;iS IMOX&tCct^ 

(112 7) ^.^•r^^t>y'>'^-r;^^£rJl^fiKi-S^^ 
Wit bTJ^^S^-efc^o 
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[0 0 2 4] mti^ V =^>m^^^x-^m\^fc^ 
zcw^ (02 8) (ommm(om&iinm^(D^'^-^=^ 

v:y^s^{^mcm\ftcmm (m2s (b) ) tfeSo 

[0 0 2 51 L.:^^\^:^j:7b*>h:^(0:^m\zX^mmi^^m^ 

;t#*RaM<h/^oTV^5o (b) ys/iJ' y ^-^s^^stt 

Rl^To (d) ^S^^^f 5 2;KcOiJ^ii.— ^Nt^, yy 

[0 0 2 6] mcvy^ V ^^mtf^^-r^^^mi^mm 

fc^*^ (|g]3 0 (a) ) r*fi, (a) v^^^-f ;^jKigXe 

:d>mt&\^x L.^ 0 . (b) y v^/g/^s^sabr^^ 
— r-f (c) mm^R^tm±^^^ 

[0 0 2 7] mm(DiGmcx^m& mso (b) ) 

-ef*. (a) DZSJcSaXH&;6S3S'5> (b) m^<OV 
[0 0 2 8] :^^0^cr)@Wfi> ^1 

[0 0 2 9] 

®2 1 h ±.<D^f\.^fh\zm^'^th^^ y ^ ^) i^^mti^ 

^-t^^l^y^ y V^S2 2 aS.U^||2y:y>$' y l^^ 
S2 2b^. y^/^ y Vi/®2 2 aCD^i|iJ^®Ji*C 
?i^^£^tt5lllte^g2 3 a <J:. m2^^y^'J >^m2 
2 b(D^{M^®±«C?^^^n5l|2^^g2 3 b 



1 ) mH^%mm 2 5 -est>H^cii 2 jfeig® 2 3 b 

2) Illl6i&g2 3 a<:0^ffl[|^®±(C?g^$tteSI 

[0 0 3 0] :^^m(r>mi^^2\z^.^^m\x^ m^.m 

2 1 OB 1 ^®-h^U^B 2 ±®X{C^tT.^n 
m yy>jr y Vi/S2 2 a^t/»2>>'y^ y ^-^S 2 2 

±B±tc|gl*fe^^2 3 a Sr?g^-r-5XS<i:. ^2^^/ 

y v-i/s 2 2b tD^fifii® Jii;i^ 2 mmm 2Sh^m 

fig-t-6X@ (^4 (c) ) . ^VMiB2«fe^^2 3 b^ 

$ h \cmm i:^mm 2 5 r-s 5 xe m 1 

(e) ) :m^l^^2 3 aOiJI^ffliJ^ffiJiJC. 

^^^mwm^x. ^%2 ^Mwwmw^m 2 4 ^?i^^i-^x 
[003 1] wmmim. 1 xu^it^^g 2 ic>es^^^{*:s 

[0 0 3 2] mim.\'BiX^mim.2\z.^.^^v^^):y^ 

mti^^^^%\'SLa%2¥v^ y i^:^^JS<?5M*uv^|| 
vy^^-) T^/u>^r^vy (|p^si^y=3 

[0 0 3 3] -^fzyy^ V >^m:h^^'r^m^&^^ 

(P) , (As ) . Tl^=f"^:y (Sb ) . tKuv 

(B) . (O) . y/l--7^r>A (Ge ) . j^^ 

(c) <Doh. v^'rtL^^ \m^tL\mM,m(05tmt^hf^ 

^^^m^. -^f+bT 1x10^^ atoms/cm^ i^Ji^tfv^ 

y=3>'gT*fe^o :ifc±ie^B%:XP(&^ii5«ft(c^tpvy 

[0 0 34] ttiais^js 1 mimi^m 2 tc#.^ig 1 
[0 0 3 5] w\um^mimim^^2\z.^.h^mm(D 
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[0 0 3 6] *:^PJc0it*^3«C#5^PJf^, Ml SR 

>/g 3 2 <^^fittffi±t;i ^7 rc-yNg§*S$g|;i <t t) ^ 2 
^^fz^^JigfaS 3 1 . y^^^y ^i5^g3 2^T/»2^» 

ftc^^fsga 3 7!)>?:,7i5«BS«(^«Jf:*0f^<z)Ji:$t;i 

i^iD^^L^m^^m-t^ mi ^^mi^m^^em s i 

[0 0 3 7] *|gig<o|t*:3S4tc^6^p>gfi. Iglietc 

[0 0 3 8] mlmm^m3Rv^4{:i^.^^^mi^mm\'^. 
*:^§^op^ffl^teI^&M(c*DV^T^i. ^i:x. y^^ij^yv-i/ 

[0 0 3 9] mmm^miRx/m^m2\cm^^yi^ V 
^^^m:h^^'t^m 1 ^t5^ 2^>y^^) >'^m(Dm^ u 

mIiaif3lt^3S:t/lt5it«4tc#.^y^^>5?y >'>5^ 

[0 0 4 0] ^fcit*«3^U5fg*:^4(C^S>>'5'i5'y 

Vi/s^T^n^f^. nrf^^^\cxti\^. ( o.5/^v^Llo) 

[004 1] 

[f^ffil i^^lSif*:^Sl^^v^LfS5R^2(c#.5^af*:5^gt 

?^cf:^^2^iSft:*^B^0g2 4(OT® (mi) \:imimm 

B2 3 a ^t^Ayr->>^5/^ y >^:rfi^;^<£r*-r -5 IS 1-^5/^5^ 

y >'^^2 2 a;65^{te>nTv^5o ^oy>>^y>>/® 

2 2afi. hUV5^X^. LOCOSXm^cOT^nir;?^ 



[0 0 4 2] t.fz:L<D^y^])'^:irm2 2 a\t.. S5 1 ite 
g 2 4 mcBMDi)^^<m±'r^(O^^K.^:z t ^^x- 

[0 0 4 3] S^<!:*S^l^»*^^^fB®2 1<D©$ 

500 /img^) fi:. |g 2 ^Si^i^^^H^sS 

mmm&xj^m2mmm\^:^(Dm\^^m i ^#*^*^ss 2 

[0044] ;^h\zm2^^mii^mm^m2 4\^. mi^ 
mi^m^^Bm 2 1 \cM^^titim 1 j^^^ 23a jitcs? 

m2 5i(>mm^^^o 

[0 0 4 5] Hfll2it*3l3^U^4tC#^y:y^ V ^i^^t^ 

^m3 2n. mi ^^mi^m^s^Bm 31 tm 2 ^mwm^ 

S®3 3^ctfe^tt^%^|^ttr^/^-5cox^ ^iit^&,m(DXo 

[0 0 4 6] ^hicmm^y^ V >'i^m3 2 1^^ ifiD-a- 
*5^sffi<^^$*fpj<Dtp/bft3fi (±10%) (c^aeuxv^ 

[0 0 4 7] ^/c^^y^^^ y >^^B3 2 0Ji:$t^. 0.5;i 

[0 0 4 8] m^mmw^m^m^^muiSLXi^ y ^ y v 

So 

[0 0 4 9] 

[0 0501 1^11*^. ;*:^M<7)li*« 1 

m I (D^mv^^^^BM {iy})^>^^^B^^-^^) 21 

<r>m 1 ^ffi 2 1a XXt/^ 2 ^ffi 2 1b XtCJi, ^tt^ 
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^^c. :i<Dmm^miRrj^m2yy^v>^m2 2aR 
2 2 b (D±\a^. ^tt^nn 1 mms 2 3 Si Rxj^m 2 

jfe&^2 3 b ^ i^rmtiy^'J ='>'^:^5?g^^tvrv^5o 
[0 0 5 1] z.<Dm^(OmW.^y^^):y^mt\^x\'t. 

[0 0 5 21 ^fc||l.S.O^I|2^^e2 3 a^UJ2 3 b 

irbTft. ee^kvy ^>fL->y =':^s. ^u^r/u 

So 

1 0 0 5 3 1 m2\t^ ^mmcomi^m 1 

(v^ij 210 

Wi±'^±.\CVXmiRU^2<D^^y^ U ^^^2 2 a 
2 2 b i: UT. ^tb-=ett2Ky ixy ^iV-S^^sji^i^^ttrv^ 
60 ^fz^<DWim<D^llRnm2^>y^^)Zy^m2 2a 
Rr^ 2 2b J:i(C^i. ^tl^*tim 1 *fe^e 23a ^O^S 

2Sfem® 2 3b t i^xmiti^v =^iym^^M^^tix\^^ 

=i>^mm^B^=^—y^) 2 Af^mf&^n. m2mmm2 3 

biitcfi^ai® 2 5 <i: bT^>fk->y =»>S:eiSjf^fi£^ttr 
[0 0 5 4] C<7)^. miRXim2^yi^V >'^m^ 

m^miRr^m2mmmti.x\^. mt^mimiMmxm 
mi^tc^tfy^ y >t^^mRxj^mmm^mm'r^:zt7f)^-^m 
■efeSo 

[0 0 5 5] ^ 2 5 <^ i.x\^^ m^tiy y >- 

e^y -t^-Y K^&t/^Ky i^y =2>'®fcsv^firttc>^^ 

[0 0 5 6] ^3ti. *^§qcoft*:Sl (C^S^^aflw^)- 

m^^^i^m^ (ommcDjt^m mx^^^s mmm ^^-rw 

— 2 1 coW^®±t^f^. V^^Vmtfi:^ir^ 

m 1 «fe^M 2 6a RXJ^m 2 *fe^S 2 6 b ,t UT. mtiy 

y ^>Ji;65J^^$:}^-cv^5o c<^^-g^> m^t->v^>m 
f)i^y^ ^) :y^mt\^x(Dmm^^\^. t^o^mmtx^ 
xcDmmhm^^tcib. ^y^v :^^mRxf^mm^^ 
m^^:Lt^^x^ ^^x% ^immm2 e a<D±m 
{z^ ^y<>{>^fSi±mtfj:^m2^m^i^mf^^Bm (m^(D 

[0 0 5 7] mz±.m^ 1 3 ^mm(Dmmw^ 



So 

[0 0 5 8] H 4 &t;^gl 5 ii. *5l§^COfg3S3g2tc:^S 

So 

[0 0 5 9] 04 (a) {c*5^.^-c. :^'rJ^fB:*ffi (1 1 

1) co^®W^$^x/cP^C)>^y ^i^^^H^'J^ni— ^n2 
1 ^ffilc-rSo 1^1^ (b) 

v^r. rcoi/y =iV^^^!}^^— ^n2 1 <Dr^^®±{C. 
iS**^ iMm (^^►T^/V'^^r^v^y =2>-g2 2 a (|g 1 ^ 
5,^y:/^g) :R(/2 2b (m2yy^yVirS) Sr, 

i2^*g<^^n— gc®3J'®ftlCj;*9?f^^-rSo f^lH (c) 
jol^T. T^yV':7r;^i^y ^iVS 2 2 a&U^2 2 bCO_h 

a (iii^jg«) &u^2 3b {m2^mm) 

CVD?£(c:J:'9?i^^-rSo 

[0 0 6 0] »ClC|iI5 (d) iCiloV^T. ^^^B^&. (1 1 

xmrn-t^o ;«f;^#iam (N2 /O2 = 4/1 

s^^3S@?fc^<o^-rso 05 (e) {c*3v^r. 

So 

[0 0 6 1 1 ?fe*5mriBPSi/y ^iv-^^^SfB^o.— /Ncoit 

^fcT^/l^^'T^v^y ^^^-g 2 2 a . 2 2hRXJ^^it-> 
y3>^S23a. 23b <7)JK^*rjfe-^S<ojl$ (i. IS U 

fc ^ ( c S ^ V ^ i: f ^ ^ 1^ S o 
[0 0 6 2] (il6 7fcv^UEI8t^. :*:^P>gcoii*JS2tc:fil 

SS (0 2) ^^^a.-/Ng^^&(cJ:!3^MLytJa^tc:o 

So !^Tmi mmm tm^^^.^^^i^^vxmm-i-^o 

[0 0 6 3] ^-r0 6 (a) ^C*3V^r. «£S;^{4 (1 0 

0) (Dmmmm^titiNmzyv =^'^Wf^^B^^-y^ (m 
m^mi^^^^m) 2i^^s-rso ccoeg. i/^y^^v 

-rSo »ct-06 (b) tc43v^T. ;i<Di/y 

zc— y>2 1 coi^^BJiicJf:^*^ i/xra o^Ky y =1 V® 

22a {miyiy^V>:^m) RXJI^2 2b {^2^y^ 

vi^i^m) ^cvum^^x^m^-r^o i5fei-0 6 (c) 
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[00 6 4] llk\cm7 (d) {Ci3l/^T. SSS^-ii (1 0 

MS^fT?i^5o ?fc(-lll7 (e) {::*dI/^T. 1?^^^^ 100:^ 

X-^cvDfttcij: J9?l^^-r6o ^Sfelcgjs (f) {;^*3V^ 

[0 0 6 5] /<^:fcHij|5S)6(C:^5V>T. ^ r/:^^^^^ 

fc' =3f- ^ /u^S-r ^ CO BSih-r ^ f^^ -r S t> <D T% 

S^{bJKT*fcoTtav\ =i^®2 2 a. 2 

2 b . ^^tiy V ^ V® 2 3a. 23b RX^^iti^ U =» v 

[0 0 6 6] #^g2 5(DJF^^?UffiJ^fg-1*S<h/^ 

[0 0 6 7] |1!9:S.U^EI1 Of^. *:%^<7)if*:^l <DiS 

:^-rXS?i>>bT^/^y'r^v'y ^i^-® 2 2 a, 22 b 

(1 1 1) (D^SW^^^xfcPSvy riv^^S 

ryzii—y^2 1 ^mM-t^o mm (b) (c:^o^.^rc(o^^ 

M^-r^o m^mi 0(c) ^ciov^r. (i i 

1) (Dm^^wm^rifcpmiyv =^>'W^^G'y=x^-'y^2 4 

^^2 4 ^jDXW^LrmM^OgJli: :*:^§^<7:)|gl3(C 

[0 0 6 8] m^±m^mm<ommt^^m^m^t^&mt 



[0 0 6 9] mi 1 . 2 ^ifet?il60^«fls:3^ 

m^mt^mm m2) ^^^commi^^^yiy^viy 

^®«:Ai)Sbfc¥««:S« (02 8 (b) ) t\C:3fS\f^ 

m^(DRo (Mm) i:m^i.rch(ox^^o 'r^j:t>ib^ 

^<om^X}^. 50/xm JEAJt<7)S9dS5l^bTV>-5<Z)jc*t 

[0 0 7 0] mi2\^^ ^mm(Dm 2 mmm<Dmmi^^ 
(EI2 8 (b) . yy^v^^^m^) t^m\^^x. mm 

S2 4 (2ls:^?^) ^t/3 («e*a) ^(DBMD^m 

/cm^ ) hzn-z^v^ (Wright Etching) 

[0 0 7 1] [^g! J: . t**os«T*fiio* (^/c 

) wl^(DBMUr^^^l.X\^^tc<D\CM\^. *^MT* 
fi. •r'<X«imP8^co 1x10^ (>5r/cm2 ) JgJlTir/^o 

[0 0 7 2] 1 3 1^. :^mm(Dm 2 ^iS0*Jco^fl;^*5> 

(1112) mmc^ift^iDmmi^x^m^x^ 

y^V>^mi:^^^h(0 m2 8 (b) ) RXJ^^iy^ 
y >i^^S:aS:tt^.^v>>b<^ (1^12 8 (a) ) <D sSScoS 

(^3>^p"p. t^^^p^p i^t;^?£*p"Dn<^B&IB) ^::o^/^ 

[0 0 7 3] mm^^mh^^fj:x^\c%M(Dm& (02 
8 (a) . ^>y^])i^^mm) ^fflv^r>f^®^bfcT=^^w 

^ (^P^a"p) RV^^1^^^<Dmm. (0 2 8 (b) . 'yy^V 

v^®*) Srffl^/^rf^^Ufcv^^w;^ (t*S5p°ni) 

[0 0 7 4] ^e.tc;z|5:^0^p^o<i:t^*o^o I (d^b^ttt 

[0 0 7 5] mi 4 {'X:^mm(Dm 2 mMm(DmMi^^m 
^«ft:s« (Ei2) t%^(Dmm{c^^^^mi^mm m 
2 8 (b) ^>y^ V >^m^) t%:m\^\ "tti^tim— 

CD:/ n -fe {C J: fp^ Ufc C MO S -T^x^-f ^ {CO V ^TCO 
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[0 0 7 6] u^(om^^m\^^xrf^\.tiv^ 

60 ^^^s CC0S»I^S^«9li. . ^y<^:^ (CMO 
[0 0 7 7] 1 5 f^. 2 ^JS^H^O^mflc^)- 

m^mwm^ (m2) t. ^^^(o^mi^m^ m2 8 

[0 0 7 8] mmx^mh^^^j:x^K^ m\ii^v=^:ym 
^^m<omm(D:^:^K ^y vy ^vg^sr^bTg^itbfc 

[0 0 7 9] :Lti^xm^i^tiXoK^ mmmi&rjm 

tt^hi^]} =1 >'^^h1® 2 4 COTIC^ 1 *61^e 2 3 a ^ 

»A/-c. y$/^y >'i5^tg:^s:*-rsigiy5/i5'y 

2 2 a ;i)5^(t?>ti-CVN;5o :L(omi^^>^]):y^m2 2 

<D^ft6^^c^i-v^xs^c:^o^/^r. ^m.^w^^(D^y 

5o ^fc:^<D^^y^ V >'i^m2 2 H 1*6^® 2 3 

a ^fe^^-e^^te>^^Tv^-5or^ t'^-^-t :^f£t*® 2 4 
2 4 (i. y =3 v:^^B%S 2 1 _h(c?g^^ 

[00 80] m 3 3 ^tfe^^iJOMmfS-RS^^f*: 

S«T'»^. Ill^t/^2^>fbv^y =3:^g2 6 a^t/2 6 

b;65^ ^iiiJS0ais.a^^2iijs^fyjc:}ott'5^iy'yt$'y 

[0 0 8 1] ^±mP^LfcJ: ^c^v^Lli* 
[0 0 8 2] [g] 1 6li. :^mm(Dm>i^^4[cg^^y^y^ 



[0 0 8 3] r oiA t) ^t>'t&^n. i^^<om^m 3 tc 

Bl±ffi3 1 a±le:?f^^^n/cy:y^ y 3 2 CO^ 

fia±®±(c?g^$ns^2 vy =3>*jefBS (»2^» 

3 3 ird^ib^t). :^i&u^m2 i/y =1^^* 

[0 0 8 4] Z<Dm^<D^yi^V>^m3 2t\^X{t^ 

^^^/^^di^iJ^T^-i^S. ^i/bJiJKy vy =3:^®. 
r^/i'^'r ;^v^y ^f^^-S^ ^^bv^y :3 ^-^^ ^^bv^y=i 
^^m. iSSS^*B^K->^vy nvS^t/y v;?/^;^® 

[0 0 8 5] igi 7f*. *«§^(0|f^3S4(C>K^yy:^ 

y >'i/tg:^^#t-^IA'9'&t?itS«cc>||2^3&«?aT*fco 

y v^^B^B® im 1 ^^f^^^B^S) 3 1 (DTm\c 
mi(o^-y^^ji^^mz2t\^xmit^^\)^>mt^ 

(Tffi) B2COy>;/>5^ y ^-i/g 3 4 <i: b 

ic:^ 2 y =1 >^*^h1® 3 3;i>5jg^$tbrv^5o 
[0 08 6] ^(Dm2mMm\^:^\^^Xb\^. ^ y ^ ]) 

iy^mt\^x\^. mmo:>^fj:^mo:>mmt^~^^x^^^ 
[0 0 8 7] mi s^xy^mi 9t*. *5i5^off*^3(c 

if— t'— A, -r:t>'fr^>ii^. :^^'7y^<D 

[0088] Hiis (a) (c*5v^T. ( 1 

0 0) {^l^S3 1a) ;iSa®W^$ttfcPM 

com 1 y =1 :x^^B% f> 3 1 ^ffi^-r n 1 8 

(b) t:::Jol>T. /n3 1 cOl^MW^^n/cH 

1^253 1 atc-y->'K:/^>^ (y 
y^ y ^-iS^®) 3 2 ^Jl^^-r^o »:(C^S:^flr (i o 

0 ) (D^'^i^^mMmm ^ nfc p 2 v y = v-^^s 

e7ic-/>3 3^ffiS-rS (^®*|gl^®3 3 a ii" 

^) o ^(-[^19 (c) ^C:}oV^T. Hlv^y^^/^^B^B 
c:7a:-/N3 1 i:. 112 v-y =i>':^^B%l>:n— -^^3 3 co^ 
®^®®3 3a<t^. yy^Vl^^m3 2^mci^t?X 

/O2 = 4/ 1 (Sfflit) ) mSLmnoo'X:<o^wx 

1 i:m2 vy r3>^^JKS!j7;c— xn3 3 irOffiSO^ 
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[0 0 8 91 mcmi9 (d) (C*5V^T. mm^lntzm 

b) ^mMmmx.. mitmAum(o9^^^t>^^mv^m 

[0 0 9 01 /<C*5^5Effib/c^7 3.— ^^3 l^tl^S 3 60^® 

sa [Oi ] ^^cov^r^^. 'r^M;^stf"ea:;t$ttfc 

[0 0 9 11 ^fc@19 (d) KTr^irMlMrnvX^ 
— ^^3 i:S.tJ^3 3C0/l$;i)5Sv^{:i^b<'r'^M:^i^tfT* 

[0 0 9 21 HI 2 o:^xj^m 2 1 f^. :^mM(Dm^m 3 \Z, 

[0 0 9 31 m2 0 (a) {CTr^-tm 1 ^> V ^ ^^'^^b^ 

:r.^y^s i^mMi^mm (b) \c^'rxo\^wimc^iy 
mis (ommmxa^ Vry^v 3 2 <DMfS,f»^ 

[0 0 9 41 rcoyta?). 1^2 1 (c) d^'Tra^'^ai— 

^mmm^mi.fzW:. m2i (d) jd^-r^ox^^xs 

[0 0 9 51 m2 21kUm2Z\t.. *5l§^OM*^4«C 

^.^^y^') >'^mti&m'r^nbo^ty^m^(Dm2m 
mm mi 7) sr. ':;:r^-y^mmm%:m\^^xi^^'r^j: 

1 9^c^■rM3t::^^fe<!:M^^^^ico^^r. ±t i^xmm 

[0 0 9 61 ^-^1^2 2 (a) iCjol/^T. f^l->})=^> 
XN3 1 ^ffl^L. 1112 2 (b) (C:JoVNT. 

ccop5®±tc^ 1 <7>y 5/ ^ y 3 2 <h ur^^iooo;^ 



^m^-t^o m^m22 (c) (C:}o^<^T. r<Dg&{bi/y 

g3 4 b"C. l/zm (Dil^OTKy =3>^g^CV 

[0 0 9 71 »:ic:@2 3 (d) iCjoV^T. ^ 1 i/y 
¥^efB»j7a.-yN3 1 ^2^^^ =i:x^J^^!?a.-y>3 
3i:^. miRXl^2<D^^y^ ^) :y^m3 2RXy^3 

9o »C(-I^2 3 (e) ^CjoV^r. SS^nfC^s:— xn3 
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